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TITLE 

APPARATUS AND METHOD FOR ADJUSTING THE TILT ANGLE OF AN 

OPTICAL PICKUP DEVICE 
BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a disk recording 
and/or reproducing apparatus and a disk recording 
and/or reproducing method for recording (writing) 
and/or reproducing (reading) an information signal by 

10 rotating an optical disk and moving an optical pickup 
device along the information recording surface of the 
optical disk. More particularly, the invention relates 
to a tilt mechanism and method for adjusting the tilt 
angle of an optical pickup device with respect to an 

15 optical disk. 

2 . Description of Related Art 

Hitherto, a disk recording and/or reproducing 
apparatus for recording and/or reproducing an 
information signal to/from an optical disk or magneto- 

20 optical disk, is generally known. In such a device, an 
optical disk is typically placed horizontally on a 
turntable. The turntable is attached to the rotary 
shaft of a spindle motor and is rotated. 
Simultaneously, the information recording surface of 

25 the optical disk is vertically irradiated with a laser 
beam emitted from an optical head of an optical pickup 
device. By moving the optical head from the center of 
the optical disk to the outer side in the radial 
direction, an information signal is written onto the 

30 information recording surface or the information signal 



recorded on the information recording surface in 
advance is read. 

In such a disk recording and/or reproducing 
apparatus, the information recording surface of the 

5 optical disk and the optical head of the optical pickup 
device have to be mounted within a predetermined tilt 
range. This is because the reproduction accuracy of 
the information signal largely depends on the tilt of 
the optical head. In this case, in order to perform 

10 high-density and high-accuracy recording and/or 

reproduction of the optical disk, it is desirable to 
set the optical axis of the objective lens of the 
optical head perpendicular to the information recording 
surface of the optical disk. However, since the tilt 

15 of the optical disk, perpendicularity of the spindle 

motor, and perpendicularity of the objective lens vary, 
it is difficult to set the optical axis of the 
objective lens precisely perpendicular to the 
information recording surface of the optical disk. 

20 In a disk recording and/or reproducing apparatus 

using an optical disk such as a CD, or a CD-ROM or the 
like, an allowable range of a relative tilt angle 
between the optical disk and the objective lens is 
standardized to less than or equal to 1.2° (the standard 

25 tilt angle of the optical disk is less than or equal to 
0.6° and the standard tilt angle of the spindle motor or 
the objective lens is less than or equal to 0.6°). By 
tilting the optical pickup device from the state where 
the optical disk is mounted at a predetermined position 

30 as a reference, the optical axis of the objective lens 
is adjusted to be within a predetermined tilt range. 

2 
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A disk recording and/or reproducing apparatus 
having a known tilt operating mechanism is shown in 
Figure 23. A disk recording and/or reproducing 
apparatus 1 has a spindle chassis 2, a pickup chassis 
5 3, and a tilt operating mechanism. The spindle chassis 

2 is a plate-shaped frame body having a somewhat 
rectangular shaped opening. The pickup chassis 3 is a 
plate -shaped frame body which is slightly smaller than 
the spindle chassis 2 and similarly has an opening. 

10 The tilt operating mechanism rotates the pickup chassis 

3 with respect to the spindle chassis 2 on the basis of 
the torque of a motor. The pickup chassis 3 has a pair 
of shafts 3a protruded from both sides in the width 
direction, while the spindle chassis 2 is provided with 

15 a pair of bearings 2a rotatably supporting the shafts 
3a. By the combination of the pair of bearings 2a and 
the pair of shafts 3a, the pickup chassis 3 is 
supported by the spindle chassis 2 so as to be 
rotatable in the longitudinal direction. 

20 The tilt operating mechanism 4 is provided on one 

side in the longitudinal direction of the spindle 
chassis 2 . The pickup chassis 3 is rotatably operated 
in the longitudinal direction of the spindle chassis 2 
by the operation of the tilt operating mechanism 4. On 

25 the other side in the longitudinal direction of the 

spindle chassis 2, a spindle motor 5 is fixed with its 
rotary shaft facing upward. A turntable 6, on which an 
optical disk is placed, is integrally attached to the 
rotary shaft of the spindle motor 5 . 

30 A guide shaft 3b and a guiding part (not shown) 

are attached so as to extend in the longitudinal 
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direction in parallel to the pickup chassis 3 at a 
predetermined interval. The guide shaft 3b and the 
guide part slidably support a sliding member 8 of an 
optical pickup device 7. A rack (not shown) is fixed 

5 to the sliding member 8 and a gear, positioned at an 
end of a head feeding mechanism 9, engages with the 
rack. The head feeding mechanism 9 is driven and the 
rotary motion is transmitted to the sliding member 8, 
thereby moving the optical pickup device 7 toward or 

10 away from the turntable 6. 

A tilt sensor 10, for sensing the distance from 
the information recording surface, is mounted on the 
sliding member 8. The tilt sensor 10 emits light 
toward the information recording surface and receives 

15 the light reflected by the information recording 

surface, thereby sensing a warp of the optical disk. 
The tilt operating mechanism 4 controls the tilt of the 
pickup chassis 3, on the basis of the sensing result of 
the tilt sensor 10, so as to minimize an error signal 

20 generated due to the warp of the optical disk. The 

tilt of the pickup chassis 3 is thereby changed and a 
tilt of the optical axis of the optical head 7a of the 
optical pickup device 7 with respect to the tilt of the 
information recording surface of the optical disk can 

25 be adjusted. Thus, when a disk recording and/or 

reproducing apparatus uses the tilt sensor 10, it is 
unnecessary to know a neutral point (mechanism center 
position) of the tilt operation. 

A conventional disk recording and/or reproducing 

30 apparatus that includes a tilt sensor 10 to detect the 
optical disk warp has a high cost because of the tilt 
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sensor 10. Moreover, the tilt control of the optical 
pickup device 8 is complicated, and the disk driving 
apparatus 1 is accordingly large. Further, since the 
tilt operating mechanism 4 has a tilt operation angle 
5 of about ±1°, there is also a problem that the mounting 
accuracy of the tilt sensor 10 has to be controlled 
rigorously. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 

10 to provide a disk recording and/or reproducing 

apparatus and a disk recording and/or reproducing 
method that can solve the above-mentioned drawbacks by 
enabling the tilt operation to be performed using a 
tilt operating mechanism and method, without using a 

15 tilt sensor. 

In one aspect of the present invention, there is 
provided a disk recording and/or reproducing apparatus 
comprising a spindle chassis, a pickup chassis, a tilt 
mechanism, and a control circuit. The spindle chassis 

20 rotatably supports a turntable on which an optical disk 
to/from which an information signal is recorded and/or 
reproduced is placed. The pickup chassis is rotatably 
supported by the spindle chassis, and movably supports 
an optical pickup device for writing and/or reading the 

25 information signal to/from the optical disk and being 
movable toward and away from the turntable. The tilt 
mechanism adjusts the tilt of the optical pickup device 
with respect to the optical disk by rotating the pickup 
chassis with respect to the spindle chassis. The tilt 

30 mechanism includes a stepping motor for rotating the 
pickup chassis with respect to the spindle chassis. 



The control circuit drives the stepping motor to set 
the tilt of the pickup chassis to a predetermined 
neutral position. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 In the following detailed description, reference 

will be made to the attached drawings in which: 
Figure 1 is a perspective view showing the 
appearance of a disk drive apparatus according to an 
embodiment of the present invention. 
10 Figure 2 is an exploded perspective view of the 

disk driving apparatus of the invention shown in Figure 
1 . 

Figure 3 shows the main part of Figure 2 and is a 
perspective view of a main chassis and so on of the 
15 disk driving apparatus of the invention. 

Figure 4 is a perspective view showing a disk tray 
of the disk driving apparatus of the invention. 

Figure 5 illustrates a base unit of the disk 
driving apparatus of the invention and is a perspective 
20 view of a state where a biaxial cover is disassembled. 

Figure 6 shows the base unit of the disk driving 
apparatus of the invention and is a front view with a 
cross section of a turntable. 

Figure 7 shows the base unit of the disk driving 
25 apparatus of the invention and is a front view with a 
cross section of a turntable. 

Figure 8 is an exploded perspective view of the 
base unit of the disk driving apparatus of the 
invention. 
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Figure 9 shows the main part of Figure 3 and is a 
perspective view illustrating a chuck plate and the 
like of the disk driving apparatus of the invention. 

Figure 10 is a cross section in the tray conveying 
5 direction of the disk driving apparatus of the 

invention, showing an unloading state where the turn 
table is lowered. 

Figure 11 is a cross section in the tray conveying 
direction of the disk driving apparatus of the 
10 invention, showing a loading state where the turn table 
is lifted. 

Figure 12 is a side view of the base chassis of 
the disk driving apparatus according to the invention, 
showing a state where a pickup chassis is tilted 
15 forward. 

Figure 13 is a side view of the base chassis of 
the disk driving apparatus according to the invention, 
showing a state where the pickup chassis is tilted 
rearward . 

20 Figure 14 is a perspective view of a tilt cam of a 

tilt operating mechanism in the disk driving apparatus 
according to the invention, which is seen from a rib 
part side. 

Figure 15 is a block diagram showing a schematic 
25 construction of the disk driving apparatus of the 
invention. 

Figure 16 is an explanatory diagram showing a 
schematic construction of a tilt driving circuit of the 
disk driving apparatus of the invention 
30 Figure 17 is an explanatory diagram showing rotor 

stop positions in a two-phase exciting state of the 
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tilt motor by a tilt driving circuit in the disk 
driving apparatus according to the invention. 

Figure 18 is a timing chart showing an excitation 
pattern in the two-phase exciting state of the tilt 

5 motor by the tilt driving circuit in the disk driving 
apparatus according to the invention. 

Figure 19 is an explanatory diagram showing rotor 
stop positions in the one-two phase exciting state of 
the tilt motor by the tilt driving circuit in the disk 

10 driving apparatus according to the invention. 

Figure 2 0 is a timing chart showing an excitation 
pattern in the one-two phase exciting state of the tilt 
motor by the tilt driving circuit in the disk driving 
apparatus according to the invention. 

15 Figure 21 is an explanatory diagram showing the 

relation between the stopper position and the rotor 
stop position in one rotation of an electrical angle of 
the tilt motor by the tilt driving circuit in the disk 
driving apparatus according to the invention. 

20 Figure 22 is an explanatory diagram showing the 

idea of an initializing operation of the tilt motor by 
the tilt driving circuit in the disk driving apparatus 
of the invention. 

Figure 23 is a perspective view of a conventional 

25 disk driving apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figures 1 to 21 show an embodiment of the disk 
driving apparatus for a disk recording and/or 
reproducing apparatus according to one embodiment of 

30 the present invention. 
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As illustrated in Figures 1 and 2, a disk driving 
apparatus 11 comprises a main chassis 12, a disk tray 
13, a base holder 14, and a base unit 15. The main 
chassis 12 is box-shaped and is opened at its top and 
5 front faces. The disk tray 13 is inserted into, and 
taken out from, the front opening of the main chassis 
12 . The base holder 14 is housed and rotatably 
supported in a recessed part in the main chassis 12. 
The base unit 15 is resiliently supported by the base 

10 holder 14 . 

The main chassis 12 is a shallow rectangular box 
body, as illustrated in Figure 3, and has a 
substantially rectangular-shaped recessed part 16 
extending to the rear end in the center part of the 

15 bottom surface. The bottom surface of the recessed 
part 16 is sloped, thus the front portion is lowered. 
At the rear end, in the front-to-rear direction X, a 
pair of bearing parts 17, 17 are provided. The 
bearings 17, 17 each open upwardly and are located at 

20 both ends of the edge extending in the lateral 

direction Y which horizontally perpendicularly crosses 
the front/rear direction X. A pair of shafts 14a, 14a, 
provided on both sides of the rear end of the base 
holder 14, are rotatably supported by the pair of 

25 bearing parts 17 and 17, respectively. At the front 

end of the recessed part 16, a guide projection 18 and 
an elongated hole 19, each of which extend in the 
lateral direction Y and are parallel to each other, are 
provided . 

30 A motor seat 12a is formed on one side at the 

front end of the bottom surface surrounding the 



9 



recessed part 16 of the main chassis 12. A loading 
motor 2 0 is screwed to the seat 12a on the back surface 
side of the main chassis 12. A rotary shaft 20a of the 
loading motor 2 0 penetrates the bottom surface of the 
5 main chassis 12 and is projected into the inside of the 
recessed part 16. A driving pulley 21 is fixed to the 
rotary shaft 2 0a. One end of a rubber belt 22 is 
stretched on the driving pulley 21, and the other end 
of the rubber belt 22 is stretched over a follower or 

10 driven pulley 23 , disposed almost in the center at the 
front end of the bottom surface . 

The driven pulley 23 is rotatably supported by a 
first supporting shaft 12b. The first supporting shaft 
12b is formed upright at the front end of the bottom 

15 surface of the main chassis 12, and is fixed by a set 

screw 24 screwed on the first supporting shaft 12b. On 
the under surface of the driven pulley 23, a gear (not 
shown) is integrally formed and engaged with a middle 
part gear 25b of an intermediate gear 25. The 

20 intermediate gear 2 5 is rotatably supported by a second 
supporting shaft 12c, which is similarly provided 
upright at the front end of the bottom surface. A 
driving gear 26, rotatably supported by a third 
supporting shaft 12d, similarly provided upright at the 

25 front end of the bottom surface, is engaged with an 

upper gear 2 5a, provided on the top face of the middle 
part gear 25b of the intermediate gear 25. 

A lower gear 25c is integrally formed on the under 
surface of the middle part gear 2 5b of the intermediate 

30 gear 25. As shown in Figure 10, a rack 27a of a chuck 
cam 27 is engaged with the lower gear 25c. The chuck 
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cam 27 is a block member of a laterally-long rectangle 
and the rack 2 7a, protruded on one surface side, is 
formed on the chuck cam 27. A guide groove extending 
in the longitudinal direction is formed on the under 
surface of the chuck cam 27. Further, on the surface 
opposite to the rack 27a, a cam groove 27b is provided 
for moving the base holder 14 in the vertical 
direction. 

The cam groove 2 7b has upper and lower horizontal 
parts set on both ends in the longitudinal direction, 
and an oblique surface set in an intermediate position 
so as to obliquely communicate the upper and lower 
horizontal parts. A cam pin 28, provided at the front 
end surface of the base holder 14, projects forwardly 
and slidably fits in the cam groove 27b. Operation 
pins 2 7c and 2 7d, for manually sliding the chuck cam 
27, are attached to the top and under surfaces of the 
chuck cam 27. As shown in Figure 11, the lower 
operation pin 2 7d passes through the elongated hole 19 
of the main chassis 12 and is projected from the rear 
surface side. 

A spring receiving member 27e is provided at the 
proximal part of the upper operation pin 2 7c of the 
chuck cam 27. One end of a helical extension spring 29 
is retained by the spring receiving member 2 7e. The 
other end of the helical extension spring 29 is 
retained by the spring receiving member 12e provided on 
the main chassis motor seat 12a. By the spring force 
of the helical extension spring 29, the chuck cam 27 is 
continuously biased toward the main chassis motor seat 
12a. Accordingly, when the chuck cam 27 is positioned 
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toward the main chassis motor seat 12a, the cam pin 28 
is in the lower horizontal part of the cam groove 2 7b 
and the base holder 14 is inclined forward. On the 
other hand, when the chuck cam 2 7 is positioned away 
5 from the main chassis motor seat 12a, the cam pin 28 is 
in the upper horizontal part of the cam groove 2 7b and 
the base holder 14 is in an almost horizontal state. 

The front opening of the main chassis 12 serves as 
a tray port 30. A plurality of tray guides 31 is 

10 provided on the inner surface of each side piece on 
both sides of the tray port 30. A plurality of guide 
pins 32a and 32b are provided on the bottom surface 
piece. A pair of guide rails 13a and 13a, provided on 
both right and left sides of the disk tray 13, are 

15 regulated by the tray guides 31 and the guide pins 32a 
and 32b. Thus the disk tray 13 is movably held in the 
front/rear direction X with respect to the main chassis 
12 and is ejectable from the tray port 30. 

As shown in Figure 4, the disk tray 13 has a disk 

20 housing part 34. This disk housing part 34 is a 

circular recessed part in which an optical disk 33, 
such as a CD, a CD-ROM or the like, can be housed. The 
disk tray 13 also includes an elongated opening 35 
extending rearward from the center part of the disk 

25 housing part 34 along the tray center. The disk 

housing part 34 has a large diameter part 34a, on which 
a 12 cm optical disk 33 may be placed. The disk 
housing part 34 also includes a small diameter part 
34b, which is a recessed part formed in the center of 

30 the large diameter part 34a, on which an 8 cm optical 
disk 33 may be placed. 



12 



The opening 3 5 of the disk tray 13 extends from a 
part nearer to the front end than the center of the 
small diameter part 34b of the disk housing part 34, to 
the outside of the disk housing part 34. The size and 
5 shape of the opening 3 5 are set so that it can receive 
the entire upper part of the base unit 15. At the 
right and left side edges of the disk tray 13, the pair 
of right and left guide rails 13a and 13a, extending in 
the front/rear direction in parallel, are provided. 

10 Although not illustrated, a rack and a guide 

groove which extend in parallel to the guide rails 13a, 
are integrally formed on one side of the under surface 
of the disk tray 13. The driving gear 26, supported by 
the main chassis 12, engages with the rack and the disk 

15 tray 13 is moved forward or backward by the torque of 
the driving gear 26. The length of the rack is set so 
that the rack disengages the driving gear 2 6 when the 
disk tray 13 is moved to a position immediately in 
front of the rear end. Further, the guide pin 32a, 

20 formed upright in the front part of the main chassis 

12, is slidably fit in the guide groove. The guide pin 
32a also regulates the movement of the disk tray 13, so 
that the disk tray 13 is moved straight in the 
front /rear direction X. 

25 The movement in the front/rear direction of the 

disk tray 13 is detected by a tray feed detecting 
switch 37. The tray feed detecting switch 37 functions 
to determine whether the disk tray 13 is moved in the 
ejecting direction or in the loading direction. The 

30 tray feed detecting switch 37 is fixed to a printed 

wiring board 3 8 which is attached to the under surface 
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of the main chassis 12. An operator 37a of the tray 
feed detecting switch 3 7 is passed through a through 
hole opened in the main chassis 12 and projected on a 
movement locus of the disk tray 13 . 

A connection terminal 3 9 for supplying electric 
power to the loading motor 2 0 and other components is 
attached to the printed wiring board 38. A cam 
detection switch 40 for detecting the operation of the 
check cam 2 7 is also attached to the printed wiring 
board 38. An operator 40a of the cam detection switch 
40 is disposed on the movement locus of an input part 
27f, provided for the check cam 27. When the check cam 
27 is moved away from the main chassis motor seat 12a a 
predetermined amount, the cam detection switch 40 is 
closed. Reference numeral 41, shown in Figure 3, 
denotes a cover plate attached to the under surface of 
the main chassis 12 . 

The base holder 14, housed in the recessed part 16 
of the main chassis 12, has a shape as shown in Figure 
5. Specifically, the base holder 14 is a shallow box 
member having a somewhat rectangular shape. The above- 
described cam pin 28 is attached to the front face 
plate and the pair of shafts 14a are provided at the 
rear ends of the right and left side plates. On the 
bottom plate of the base holder 14, an opening hole 
42a, used to avoid the contact with the spindle motor, 
and an opening hole 42b, through which a flexible 
printed wiring board and the like are passed, are 
provided. Projections 14b, for positioning and 
resiliently supporting the base unit 15, are provided 
at three positions on the bottom plate. An elastic 
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insulator 43 is attached to each of the projections 
14b. 

The base unit 15 has the construction illustrated 
in Figures 5 to 8 . Specifically, the base unit 15 

5 includes a spindle chassis 44 and a pickup chassis 45. 
The spindle chassis 44 rotatably supports the turntable 
47. The pickup chassis 45 movably supports an optical 
pickup device 48 for reading the information from the 
optical disk 33 placed on the turntable 47. The 

10 spindle chassis 44 and the pickup chassis 45 comprise a 
base chassis 36. 

As shown in Figure 8, the spindle chassis 44 is a 
frame member having a front piece 44a, right and left 
side pieces 44b and 44c, and a rear piece 44d. The 

15 height of the front piece 44a is set to be almost twice 
as high as each of the other pieces. Supporting parts 
49, for supporting the insulators 43, are provided at a 
total of three positions. One is provided at a corner 
of the front piece 44a, one at the front end of the 

20 side piece 44b, and one near the center part of the 
rear piece 44d, Each supporting part 4 9 has a nail 
having a C-shaped cross section, and the constricted 
part of the insulator 43 is inserted in the supporting 
part 49. A fixing screw (not shown) is inserted into 

25 the insulator 43 from above and is screwed into a screw 
hole formed in the top face of the projection 14b. 
Thus, the base holder 14 resiliently supports the base 
unit 15 via the three insulators 43. 

A motor mounting seat 5 0 is formed by upwardly 

30 expanding a part of the front piece 44a of the spindle 
chassis 44. A spindle motor 51 is attached to the 
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inner side of the motor mounting seat 5 0 by a plurality 
of fixing screws 52a. The rotary shaft 51a of the 
spindle motor 51 is passed through a through hole 50a 
of the motor mounting seat 50 and projected upward from 
the spindle chassis 44. 

An offset washer 53 is fitted onto the rotary 
shaft 51a of the spindle motor 51, and the turntable 47 
is fixed to the offset washer 53. A ring fixing part 
47a is formed projectingly in the center of the top 
surface of the turntable 47, and a chucking ring 54 is 
fit into the ring fixing part 47a. A magnet 54a is 
embedded in the chucking ring 54 so as to be concentric 
with the central hole. By fitting the chucking ring 54 
into the central hole of the optical disk 33, the 
optical disk 33 is positioned on the turntable 47. 

Reference numeral 55 in Figure 9 indicates an 
offset spring for regulating the movement of the rotary 
shaft 51a in the axial direction. The offset spring 55 
is set so as to cross the motor mounting seat 50. The 
intermediate part of the offset spring 55 is fit in the 
offset washer 53 and both ends thereof are retained by 
the motor mounting seat 50. 

A tilt motor 5 6 is mounted next to the spindle 
motor 51 on the inside of the motor mounting seat 50. 
The tilt motor 56 serves as the driving force for the 
tilt operation mechanism. The tilt motor 56 can be a 
two-pole, two-phase stepping motor. The tilt motor 56 
is mounted on the inside of the motor mounting seat 50 
and is fixed with a single fixing screw 52b. The 
rotary shaft 56a of the tilt motor 56 is passed through 
a hole 50b of the motor mounting seat 50 and is 
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projected upward from the spindle chassis 44. The 
rotary shaft 56a of the tilt motor 56 is fixedly fit in 
a tilt gear 57, and a gear part 58a of a tilt cam 58 
engages with the tilt gear 57. 

5 The tilt cam 58 is one of the members used to 

rotate the pickup chassis 45. The tilt cam 58 has a 
gear part 58a provided in the lower part and a cam face 
58b formed on the upper end surface. The cam face 58b 
has an inclined part extended over a 360° spiral. The 

10 pickup chassis 45 is rotated in the vertical direction, 
that is, tilted by an amount corresponding to the 
stroke h in the height direction of the cam surface 
58b. The tilt cam 58 is rotatably supported by a 
supporting shaft 5 9 provided on the top surface of the 

15 front piece 44a of the spindle chassis 44. Proximate 
the supporting shaft 59, a stopper boss 59a, similarly 
projected from the top surface of the front piece 44a, 
is provided. 

As shown in Figure 14, a rib 58c, formed on the 
20 lower surface of the tilt cam 58, comes into contact 
with the stopper boss 5 9a. The positional relation 
between the rib 58c of the tilt cam 58 and the stopper 
boss 59a is set so that a cam piece 73 (described 
later) moves to its highest and lowest positions, 
25 depending upon which side of the stopper boss 5 9a that 
rib 58c contacts. For example, when rib 58c rotates in 
one direction in association with the rotation of the 
tilt cam 58 and comes into contact with one surface of 
the stopper boss 59a, cam piece 73 is in the highest 
30 position. Conversely, when the rib 58c is rotated in 
the opposite direction and comes into contact with the 
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other surface of the stopper boss 59a, cam piece 73 is 
in the lowest position. The operation of the tilt 
motor 56 for controlling the rotating operation of the 
tilt cam 58 will be described in detail further below. 

5 The side pieces 44b and 44c and the rear piece 44d 

of the spindle chassis 44 are formed so as to have an 
L-shaped cross section along almost the full length in 
the longitudinal direction. This cross sectional shape 
enhances the rigidity of the whole spindle chassis 44. 

10 A pair of bearings 60 and 61 are formed near the 

longitudinal center of the side pieces 44b and 44c and 
project in the lateral direction. A pair of rotary 
shafts 63, provided for the pickup chassis 45, are 
rotatably held by the bearings 60 and 61. 

15 Bearing 60 has a box-shaped periphery 60a which 

projects outwardly and is opened upwardly. Bearing 6 0 
also includes a V-shaped receiving face 60b formed on 
the inside of the box-shaped edge or periphery 60a. 
One of the rotary shafts 63 is placed on the receiving 

20 face 60b and is pressed from the above by a pressing 

piece 62, thereby securely fitting the rotary shaft 63. 
The pressing piece 62 is fixed to the box- shaped 
periphery 60a by a fixing screw 52c. The other bearing 
61 has a V-shaped receiving face 61a and a gate-shaped 

25 pressing piece 61b surrounding the receiving face 61a. 
The pressing piece 61b is formed integrally with the 
side piece 44c. By inserting the other rotary shaft 63 
from the inside, the rotary shaft 63 is rotatably held 
between the pressing piece 61b and the receiving face 

30 61a. 
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The pickup chassis 45 has nearly the same size and 
shape as that of the spindle chassis 44, except for the 
front piece 44a. More specifically, the pickup chassis 
45 is a frame member having a front piece 45a which is 
5 disposed adjacent to, and on the rear side of, the 
spindle chassis front piece 44a. Pickup chassis 45 
also includes a pair of right and left opposing side 
pieces 45b and 45c, and a rear piece 45d connected to 
the rear sides of the side pieces 45b and 45c. An 

10 opening 64 through which an optical head 68 of the 

optical pickup device 4 8 is passed, is provided on the 
inside of the frame member. 

The side pieces 45b and 45c and the rear piece 45d 
of the pickup chassis 45, except for the front piece 

15 45a, have an L-shaped cross section along most the 
length in the longitudinal direction. With such a 
cross section shape, the rigidity of the whole pickup 
chassis 45 is enhanced. The pair of rotary shafts 63 
are projected near the center part in the longitudinal 

20 direction of both side pieces 45b and 45c. The height 
of each of the side pieces 45b and 45c and the rear 
piece 45d is set to be almost equal to that of the side 
piece 44b. Accordingly, by disposing the pickup 
chassis 45 so as to overlap the spindle chassis 44 at a 

25 predetermined position, the height of the overlapped 
part is almost the same as that of the front piece 44a 
of the spindle chassis 44. 

The front piece 45a of the pickup chassis 45 has a 
plate-shape and connects the right and left side pieces 

30 45b and 45c only on the top faces. The top face of the 
front piece 45a has an inclined face part 45e. Thus, 



side piece 45b is lower and is inclined in the lateral 
direction. The front piece 4 5a serves as the end edge 
part of the pickup chassis 45, which enters under the 
turntable 47. By forming the inclined face part 45e in 
5 the front piece 45a of the pickup chassis 45 as 
described above, the number of components can be 
reduced relative to that of the conventional base 
chassis, and the assembly is easier. 

Positioning projections 45f are formed on the top 

10 face of the rear piece 45d of the pickup chassis 45. 

With the positioning projections 45f, a light shielding 
plate 65 is fixed on the rear piece 45d by a fixing 
screw 52d. The light shielding plate 65 has a nearly 
L-shaped cross section and covers an objective lens 68a 

15 of the optical pickup device 48, when it is moved to 
the rear side. 

An insertion hole 66a is provided in the front end 
of pickup chassis side piece 45b, and a bearing 66b is 
provided at the rear end. A bearing member provided on 

20 a feed motor 70 is fitted in insertion hole 66a, and 
the tip of a feed shaft 69, inserted into insertion 
hole 66a, is rotatably supported by the bearing 66b. 
The feed shaft 6 9 serves as the rotary shaft of the 
feed motor 70. A spiral screw groove is formed on the 

25 outer peripheral surface of the feed shaft 69 and the 
feed shaft 69 itself serves as the rotor of the feed 
motor 70. The feed motor 70 is fixed to the front edge 
of the side piece 45b, so as to project forward from 
the pickup chassis 45 by fastening a bracket 70a with 

30 two fixing screws 52e. 
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On the inside of the other pickup chassis side 
piece 45c, a guide shaft 71 is attached so as to be 
parallel to the feed shaft 69. Consequently, the front 
and rear edges of the side piece 45c have a pair of 

5 insertion holes 72 opened in them. By inserting both 
ends of the guide shaft 71 into the insertion holes 72, 
both ends of the guide shaft 71 are supported by the 
pickup chassis 45. 

Further, a cam piece 73, projecting toward the 

10 tilt cam 58, is provided at the upper front edge of the 
other side piece. A free end of a plate spring 74 is 
in press contact with the cam piece 73 and urges the 
cam piece 73, by the spring force, into press contact 
with the cam face 58b of the tilt cam 58. The fixing 

15 end of the plate spring 74 is fixed to the top face of 
the spindle chassis front piece 44a by a fixing screw 
52f . 

The optical pickup device 48, movably supported by 
the feed shaft 69 and the guide shaft 71, is guided by 

20 the shafts 69 and 71 so as to move toward or away from 
the turntable 47. The optical pickup device 48 has a 
sliding member 75 on which the optical head 68 is 
mounted. A bearing hole 75a is opened on one side of 
the sliding member 75 and the feed shaft 69 is slidably 

25 inserted into the bearing hole 75a. A rack part 76a of 
a sliding rack 76 attached to the under surface of the 
sliding member 7 5 engages with the screw groove of the 
feed shaft 69. The rack part 76a is formed integrally 
with a fixing piece 76b via a resilient piece. By 

30 fastening the fixing piece 76 with a fixing screw 52g, 
the sliding rack 76 is fixed to the sliding member 75. 
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A bearing part 75b is formed on the other side of the 
sliding member 75 and the guide shaft 71 is slidably 
sandwiched by the bearing part 75b. 

The feed shaft 69, the feed motor 71, and the 
5 sliding rack 76 comprise a head feeding mechanism for 
moving the optical pickup device 48. A speed reducing 
mechanism is comprised of the feed shaft 69 and the 
sliding rack 76. Further, a tilt operation mechanism 
for adjusting the tilt, by rotating the pickup chassis 
10 45 with respect to the spindle chassis 44, comprises 
the tilt motor 56, the tilt gear 57, the tilt cam 58, 
the stopper boss 59a, the cam piece 73, and the plate 
spring 74 . 

The optical head 68 of the optical pickup device 

15 48 has a biaxial actuator which can independently move 
the objective lens 68a in the focusing direction 
(vertical direction) and the tracking direction 
(lateral direction) . Electromagnetic force is used as 
the sole driving force for the biaxial actuator. In 

20 the depicted embodiment, a plate spring type biaxial 
actuator is used. Obviously, other types of devices, 
such as wire supporting type, hinge type, and shaft 
sliding type devices can be us as a biaxial actuator. 
Reference numeral 77, shown in Figure 9, denotes a 

25 biaxial cover that covers the biaxial actuator. A 

window 77a from which the objective lens 68a is exposed 
is opened in the biaxial cover 77. 

As illustrated in Figure 2, on the main chassis 
12, a chuck holder 80 is attached so as to cross above 

30 the disk tray 13. As shown in Figure 10, the chuck 

holder 8 0 is formed of a rectangular plate member which 
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is thin and long in the lateral direction, and includes 
a through hole 8 0a opened near the center part in the 
longitudinal direction of the chuck holder 80. Three 
leg pieces 82 of a chuck plate 81 are loosely inserted 
5 in the through hole 80a. The three leg pieces 82 are 
disposed on a circular arc so that the peripheral 
surface thereof serves as a part of the circumference. 
A disc-shaped yoke plate 83 , made of iron or the like, 
and attracted by the magnet 54a provided in the 
10 chucking ring 54, is housed on the inside of the leg 
pieces 82 . 

A yoke pressing plate 84 is attached to the tips 
of the leg pieces 82 that project upward through the 
through hole 80a of the chuck holder 80. By 

15 sandwiching the chuck holder 8 0 between the yoke 
pressing plate 84 and the chuck plate 81 with a 
predetermined gap, the chuck plate 81 can be moved in 
the direction which crosses perpendicularly to its 
plane direction within the range of the gap. By 

20 providing a gap between the through hole 8 0a and the 

three leg pieces 82, the chuck plate 81 can be moved in 
its plane direction within the range of the gap. 

Although ABS resin is suitable as a material for 
each of the main chassis 12, the disk tray 13, and the 

25 base holder 14, obviously, other synthetic resins can 
be applied. A metal such as aluminum alloy or the like 
can be also used. PPS (polyphenylene sulfide) 
containing 65% glass fibers is suitable as a material 
for the spindle chassis 44 and the pickup chassis. 

30 Obviously, other synthetic resins can be used and, 
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moreover, a metal such as aluminum alloy or the like 
can be also used. 

A schematic construction of the tilt drive control 
system of the disk driving device 11 described above is 
5 shown in Figure 15 . By the torque of the spindle motor 
51, the optical disk 33 placed on the turn table 47 is 
integrally rotated. The inclination of the optical 
head 68 of the optical pickup device 48, whose 
objective lens faces the information recording surface 

10 of the optical disk 33, is changed by the rotational 
operation of the pickup chassis 45 by the driving of 
the tilt motor 56. Information read from the 
information recording surface by the optical pickup 
device 48 is supplied to a PLL circuit 90. The PLL 

15 circuit 90 is a circuit for generating a synchronizing 
(sync) signal at basic periods in order to discriminate 
whether the code of a pulse signal obtained by shaping 
the detected information signal is "1" or "0". 

A signal outputted from the PLL circuit 90 is 

20 supplied to a jitter measuring circuit 91. The jitter 
measuring circuit 91 is a circuit for measuring a 
jitter as a fluctuation in the time base direction of a 
digital signal, digitizing the magnitude of the 
fluctuation, and outputting the obtained digital value. 

25 When the jitter becomes worse, a code error occurs and 
the information signal cannot be read. Consequently, 
the jitter measuring circuit 91 is provided in order to 
prevent such a situation. A signal outputted from the 
jitter measuring circuit 91 is supplied to a system 

30 controller 92. The system controller 92 has therein a 
memory 92a and predetermined information is recorded in 



24 



the memory 92a in advance and new information is 
written into the memory 92a as necessary. The system 
controller 92 is used to control the disk driving 
apparatus 11 . 

5 The system controller 92 is connected to a servo 

controller 93 so as to transmit/receive a signal 
to/from the servo controller 93. On the basis of the 
signal supplied from the system controller 92, the 
servo controller 93 outputs a signal to a motor driving 

10 circuit 94 . The motor driving circuit 94 is used to 
drive the tilt motor 56. As necessary, the motor 
driving circuit 94 outputs a control signal to rotate 
the tilt motor 56 forward or reverse. By the rotating 
operation of the tilt motor 56, the pickup chassis 45 

15 is changed into a state where it is tilted forward 

(tilt down stopper position), as shown in Figure 12, or 
a state where it is tilted rearward (tilt up stopper 
position), as shown in Figure 13, as a maximum tilt 
amount. The tilt control by the tilt operation 

20 mechanism is executed in the rotational range of the 
pickup chassis 45. 

The motor driving circuit 94 has a construction as 
shown in Figure 16. The motor driving circuit 94 
comprises, for example, a microcomputer (CPU) 95 having 

25 8 -bit parallel processing, four voltage/current 

amplifiers 96a to 96d, and two coils 97a and 97b. The 
microcomputer 95 has four output terminals A, XA, B, 
and XB and voltage/current amplifiers 96a to 96d are 
connected to the output terminals A, XA, B, and XB, 

30 respectively. One pair of voltage/current amplifiers 

96a and 96b are connected to each other via the A-phase 

25 



coil 97a and the other pair of voltage/current 
amplifiers 96c and 96d are connected to each other via 
the B-phase coil 97b. The A-phase coil 97a and the B- 
phase coil 97b are arranged so as to have a phase 
5 displaced by almost 90° from that of the tilt motor 
rotor 85. A current la is passed to the A-phase coil 
97a and a current lb is passed to the B-phase coil 97b. 

The tilt motor 56 is driven by the motor driving 
circuit 94 having such a construction, for example, as 

10 shown in Figures 17 to 22. Figure 17 is a diagram for 
explaining a basic operation of the two-pole, two-phase 
structure of the tilt motor 56 using a stepping motor. 
The tilt motor 56 is constructed so as to rotate once 
in 20 steps by two-phase excitation (one rotation in 40 

15 steps by one-two phase excitation) and it is set so 
that the tilt cam 58 rotates once when the tilt motor 
56 rotates twice. When the tilt motor 56 rotates 
twice, therefore, the tilt cam 58 rotates once, and the 
cam piece 73 which comes into contact with the cam face 

20 58b is moved from the tilt down position to the tilt up 
position. 

The basic operation of the two-pole, two-phase 
structure of the tilt motor 56 will now be described. 
Two-phase coil parts 86a, 86b and 87a, 87b are disposed 

25 at equal angle intervals on the outside of the rotor 85 
where two poles, that is, the N-pole and the S-pole, 
are located in diametrical positions. The two-phase 
coil parts 86a and 86b are disposed so as to face each 
other over the rotor 85, and the two-phase coil parts 

30 87a and 87b are disposed so as to face each other over 
the rotor 85. The line connecting the two-phase coil 
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parts 86a and 86b perpendicularly crosses the line 
connecting the two-phase coil parts 87a and 87b. A 
current can be passed in the forward direction (the 
direction from the A- phase to the A+ phase and the 
5 direction from the B- phase to the B+ phase) and the 
reverse direction (the direction from the A+ phase to 
the A- phase and the direction from the B+ phase to the 
B- phase) in each phase. 

The excitation patterns of the two-phase 

10 excitation when such a tilt motor 56 is used are shown 
in Figures 17 and 18 and the excitation patterns of the 
one -two phase excitation are shown in FIGS. 19 and 20. 
At a timing to, the current la in the positive 
direction is passed to the first phase (hereinafter "A 

15 phase") and the current lb in the negative direction is 
passed to the second phase (hereinafter "B phase"). 
Then, the rotor 85 enters the state as shown in Figure 
18A and the N-pole stops so as to face the A+ phase at 
the 0th position to. From such a state, at a timing 

20 tl, when the current lb passed to the B phase is 

changed to the positive direction while passing the 
positive current la to the A phase, the rotor 85 enters 
the state as shown in Figure 18B and the N-pole stops 
at the first position tl, which is between the A+ phase 

25 and the B+ phase. 

At a timing t2, when the current la passed to the 
A phase is changed to the negative direction while 
passing the positive current lb to the B phase, the 
rotor 85 enters the state as illustrated in Figure 17C, 

30 and the N-pole stops, so as to face the B+ phase at the 
second position t2 . Further, at a timing t3, when the 
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current lb to the B phase is changed to the negative 
direction while passing the negative current la to the 
A phase, the rotor 85 enters a state as shown in Figure 
17D and the N-pole stops at the third position t3 
between the B+ phase and the A- phase. 

In the following fifth to eighth steps, the 
currents la and lb are passed in a manner similar to 
the above-mentioned four steps in a state where the N- 
pole and the S-pole are reversed in Figures 17A to 17D, 
and the rotation position of the rotor 85 changes 
according to the current direction. That is, at a 
timing t4, the N-pole of the rotor 85 stops so as to 
face the A- phase at the fourth position t4 . At a 
timing t5, the N-pole of the rotor 85 stops between the 
A- phase and the B- phase at the fifth position t5. At 
a timing t6, the N-pole of the rotor 85 stops so as to 
face the B- phase at the sixth position t6. At a 
timing t7, the N-pole of the rotor 85 stops between the 
B- phase and the A+ phase at the seventh position t7. 

The rotary shaft 56a rotates once in the 8 steps 
from the timing to to the timing t7. In Figure 18, the 
timing t3 in the second rotation shows a state where 
the current to both of the A and B phases is stopped. 

Referring to Figures 19 and 20, the excitation 
pattern by the one-two phase excitation will be 
described. First, at a timing to, when the current la 
in the positive direction is passed to the A phase and 
the current lb to the B phase is stopped, the rotor 85 
enters the state as shown in Figure 19A and the N-pole 
stops so as to face the A+ phase at the 0th position 
to. From such a state, at a timing tl, when the 



28 



positive current lb is passed also to the B phase while 
passing the positive current la to the A phase, the 
rotor 85 enters the state as shown in Figure 19B and 
the N-pole stops between the A+ phase and the B+ phase 
at the first position tl. At a timing t2, when the 
current la to the A phase is stopped while passing the 
positive current lb to the B phase, the rotor 85 enters 
the state as illustrated in Figure 19C and the N-pole 
stops so as to face the B+ phase at the second position 
t2 . 

Further, at a timing t3, when the negative current 
la is passed to the A phase while passing the positive 
current lb to the B phase, the rotor 85 enters a state 
as shown in Figure 19D and the N-pole stops at the 
third position t3 between the B+ phase and the A- 
phase. At a next timing t4, when the current lb to the 
B phase is stopped while passing the negative current 
la to the A phase, the rotor 85 enters a state as 
illustrated in Figure 19E and the N-pole stops so as to 
face the A- phase at the fourth position t4 . At a 
timing t5, when the negative current lb is also passed 
to the B phase while passing the negative current la to 
the A phase, the rotor 85 enters a state as shown in 
Figure 19F and the N-pole stops at the fifth position 
t5 between the A- phase and the B- phase, 

At a next timing t6, when the current la to the A 
phase is stopped while passing the negative current lb 
to the B phase, the rotor 85 enters a state as shown in 
Figure 19G and the N-pole stops so as to face the B- 
phase at the sixth position t6. Further, at a next 
timing t7, when the positive current la is passed to 
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the A phase while passing the negative current lb to 
the B phase, the rotor 85 enters a state as shown in 
Figure 19H and the N-pole stops at the seventh position 
t7 between the B- phase and the A+ phase. After that, 
the operation shifts to the timing to as a timing t8 
and the above-mentioned 8 steps are repeated. When the 
rotary shaft 56a rotates twice, the tilt cam 58 rotates 
once . 

The relation between the stopper position and the 
rotor stop position in one rotation of the electrical 
angle of the tilt motor 56 will now be described with 
reference to Figure 21. The left vertical column in 
Figure 21 shows the phase of the electrical angle and 
the right vertical column in Figure 21 shows the phase 
of the rotor 85. In Figure 21, reference character L 
denotes a coil magnetic field vector and M indicates a 
rotary shaft 56a magnetic field vector. Reference 
numeral 8 8 denotes a stopper created when the rib part 
58c, provided on the under surface of the tilt cam 58, 
comes into contact with the stopper boss 59a provided 
on the spindle chassis 44. 

As shown in Figure 21, the rotary shaft magnetic 
field vector M, mechanically determined by the stopper 
88, is place in contact with the stopper 88 in the 
clockwise direction in any of the following cases: when 
the coil magnetic field vector L, at the timing tl, is 
directed to the first position tl and the rotor 85 is 
stopped between the A+ phase and the B+ phase; when the 
coil magnetic field vector L is directed to the second 
position t2, at the next timing t2, and the rotor 85 is 
stopped so as to face the B+ phase; when the coil 
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magnetic field vector L is directed to the third 
position t3, at the timing t3, and the rotor 85 is 
stopped between the B+ phase and the A- phase; and when 
the coil magnetic field vector L is directed to the 
5 fourth position t4 , at the timing t4, and the rotor 85 
is stopped so as to face the A- phase. In any of these 
times, since the angle between the magnetic field 
vector M and the coil magnetic field vector L is 180° or 
larger in the counterclockwise direction, force in the 

10 counterclockwise direction is not generated in the 
rotor 85. Since the state where the mechanical 
magnetic field vector M is directed to the stopper 88 
is maintained, the rotor 85 cannot be rotated until 
coil magnetic field vector L coincides with magnetic 

15 field vector M and the coil magnetic field vector L is 
reversely rotated in the counter clockwise direction. 

Contrarily, the magnetic field vector M of the 
rotary shaft 56a, mechanically determined by the 
stopper 88, is positioned away from the stopper 88 in 

20 any of the following cases: when the coil magnetic 

field vector L is directed to the fifth position t5, at 
the timing t5, and the rotor 85 is stopped between the 
A- phase and the B- phase; when the coil magnetic field 
vector L is directed to the sixth position t6, at 

25 timing t6, and the rotor 85 is stopped so as to face 

the B- phase; when the coil magnetic field vector L is 
directed to the seventh position t7, at timing t7, and 
the rotor 85 is stopped between the B- phase and the A+ 
phase; and when the coil magnetic field vector L is 

30 directed to the 0th position to (= eighth position t8) , 
at timing to, and the rotor 85 is stopped so as to face 
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the A+ phase. That is, in the above cases, since the 
angle between the magnetic field vector M and the 
magnetic field vector L is 180° or smaller in the 
counterclockwise direction, a force in the direction of 
5 the angle smaller than 180°, that is, in the 

counterclockwise direction, is generated in the rotor 
85. Therefore, by the force in the counterclockwise 
direction, the rotor 85 is rotated. 

When a phase deviation occurs between the magnetic 

10 field vector M and the coil magnetic field vector L, as 
described above, the electrical phase and the 
mechanical phase of the tilt motor 56 do not coincide 
with each other. At the time of mounting the tilt cam 
58, therefore, the electrical and mechanical phases of 

15 the tilt motor 56 are adjusted so as to coincide with 
each other. The method of making the phases coincident 
can be carried out, for example, as follows. At the 
time of assembling the tilt motor 56, a positive 
voltage is applied to only the A phase of the tilt 

20 motor 56 and the base unit 15 is assembled so that the 
tilt up stopper position is obtained in such a state. 
In such a manner, at the tilt up stopper position of 
the base unit 15, the electrical and mechanical phases 
of the tilt motor 56 can be made coincident with each 

25 other. As a result, even if a loss of synchronism 
occurs, the electrical phase can be made coincident 
with the mechanical phase. In other words, since the 
electrical phase corresponding to the tilt up stopper 
position, at which rib part 58c of the tilt cam 58 

30 comes into contact with stopper boss 59 of spindle 

chassis 44, is known in advance by the above-mentioned 
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assembling work, the electrical and mechanical phases 
can be made coincident with each other even if loss of 
synchronization occurs. Therefore, the accuracy of the 
tilt reference position can be improved. 
5 The loss of synchronism in the tilt motor 56 will 

now be described. By "loss of synchronization" what is 
meant is that the coil magnetic field rotates while the 
rotating shaft 56a remains stationary. Therefore, a 
phase deviation occurs between electrical and 

10 mechanical phases. That is, when the rib part 58c of 
the tilt cam 58 comes into contact with the stopper 
boss 59a of the spindle chassis 44 by the rotation of 
the rotary shaft 56a of the tilt motor 56, the rotation 
of the rotary shaft 56a is stopped. When a current is 

15 further supplied in such a state, the rotor 85 tries to 
rotate further. This rotation is, however, 
mechanically regulated by the stopper 88 (the contact 
between the rib part 58c and the stopper boss 59a) so 
that the rotor 85 does not rotate. Consequently, the 

20 "loss of synchronism" occurs when only the coil 

magnetic field rotates while the rotor of the motor 
does not rotate. 

By using the loss of synchronism of the tilt motor 
56, the tilt neutral position can be obtained. A 

25 procedure for obtaining the tilt neutral position will 
now be described. According to a first method thereof, 
loss of synchronism is intentionally caused in the 
motor at the mechanical stopper position (tilt down 
stopper position or tilt up stopper position) , thereby 

30 obtaining a reference position. The motor is driven 

only by a predetermined pulse amount from the reference 
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position and the tilt neutral position is determined. 
In the embodiment, the tilt motor 56 rotates twice in 
40 steps in the two-phase excitation. Moreover, pickup 
chassis 45 is set so as to be rotatable in the vertical 
5 direction from the tilt down stopper position to the 
tilt up stopper position in the two rotations of the 
motor . 

Since an initial position of the tilt operation is 
unknown, the tilt motor 56 is rotated a predetermined 

10 number of steps (for example, 40 steps) in the tilt up 
direction (or the tilt down direction) . At this time, 
as shown by parentheses in Figure 22, in the case of an 
ordinary operation where the initial position is the 
tilt minimum position, the tilt cam comes into contact 

15 with the stopper and reaches the minimum position after 
40 pulses. In this case, therefore, no loss of 
synchronism occurs. The tilt maximum position (or tilt 
minimum position) is set as a reference position and 
the rotary shaft 56a is rotated from the reference 

20 position in the reverse direction (tilt down direction) 
only by predetermined 2 0 steps (1/2 of 4 0 pulses) . The 
tilt neutral point can be consequently obtained and the 
pickup chassis 45 can be set at the tilt neutral 
position. Therefore, by setting the tilt minimum 

25 position as an initial position, an offensive noise, 
due to the loss of synchronization, can be prevented. 

On the other hand, when the initial position is 
deviated from the tilt minimum position, the tilt cam 
comes into contact with the stopper before the 

30 application of 40 pulses. Consequently, a loss of 

synchronism occurs in the motor 56 before application 
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of 40 pulses. Since the tilt maximum position is 
obtained when the rotary shaft 56a rotates a total of 
40 steps, including the rotation of the internal 
magnetic field due to the loss of synchronism, the tilt 
5 maximum position is set as a reference position. In a 
manner similar to an ordinary operation, by rotating 
the rotary shaft 56a from the reference position only 
by 20 steps in the reverse direction (tilt down 
direction) , the tilt neutral position can be obtained. 

10 According to a second method, after the tilt 

reference position is obtained, the pickup chassis 45 
is not operated to a mechanically determined tilt 
neutral. Rather, the pickup chassis 45 is rotated to a 
tilt neutral point obtained by measuring a reference 

15 position where no warp occurs, thereby obtaining the 
tilt neutral position. With this method, the tilt 
motor 56 rotates twice in 80 steps in the one-two phase 
excitation and the pickup chassis 45 is set so as to be 
rotatable in the vertical direction from the tilt down 

20 stopper position to the tilt up stopper position. 

Since the initial position of the tilt operation 
is unknown, the tilt motor 56 is allowed to rotate a 
predetermined number of steps (for example, 80 steps) 
in the tilt up direction (or the tilt down direction) . 

25 At this time, as shown in Figure 22, in the case of an 
ordinary operation in which the initial position is the 
tilt minimum position, the tilt cam comes into contact 
with the stopper after rotation of 80 pulses and 
reaches the tilt maximum position. In this case, 

30 therefore, no loss of synchronism occurs in the tilt 
motor 56. The tilt maximum position is therefore set 
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as a reference position and the rotary shaft 56a is 
rotated from the reference position in the reverse 
direction (tilt down direction) to a predetermined 
neutral point, thereby enabling the pickup chassis 45 
5 to be set at the tilt neutral position. 

The predetermined neutral point can be set, for 
example, as follows. A reference optical disk having 
no warp is reproduced, and the tilt position at which a 
read signal from the optical disk is the most 

10 preferable is set as the tilt neutral point. A step 

amount from this tilt neutral point to the tilt maximum 
position (or tilt minimum position) as a reference 
position, is written into a non-volatile memory or the 
like and the pickup chassis 45 is moved to the tilt 

15 neutral point on the basis of the step amount. Even if 
the position of the mechanically determined neutral 
point varies, the variation is ignored and the neutral 
point recorded in the memory is used, thereby enabling 
the pickup chassis 45 to be set at the tilt neutral 

20 position . 

According to the disk driving apparatus 11, for 
example, an operation of reproducing the optical disk 
33 can be executed as follows. First, after turning on 
the power source of the disk driving apparatus 11, for 

25 example, an ejection button is pressed to eject the 
disk tray 13. In such an ejected state, the disk 
housing part 34 is exposed so that the optical disk 33 
can be placed into either the large diameter part 34a 
or the small diameter part 34b. 

30 After placing a desired optical disk 33 onto the 

disk housing part 34, a reproduction button (for 
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example) is pressed and the loading mechanism is 
operated, thereby conveying the disk tray 13 to the 
disk placing part. Such a state is shown in Figure 10. 
The chuck holder 80, illustrated in Figure 9, and can 
entirely cover both the disk housing part 34 and the 
opening 35. 

When the loading motor 2 0 is driven by the 
operation of the reproduction button, the torque 
thereof is transmitted from the driving pulley 21 to 
the driven pulley 23 via the rubber belt 22. The 
rotary force of the driven pulley 23 is transmitted to 
the driving gear 2 6 via the middle part gear 2 5b and 
the upper gear 25a in the intermediate gear 25. The 
rotary force of the driving gear 2 6 is transmitted to 
the rack of the disk tray 13 and the disk tray 13 is 
guided by the tray guide 31 and the guide pins 32a and 
32b toward the rear part of the main chassis 12. 
During the movement of the disk tray 13 to the rear 
part, the lower gear 2 5c in the intermediate gear 2 5 is 
disengaged from the rack 27a of the chuck cam 27, so 
that the chuck cam 2 7 does not move. 

After the disk tray 13 has been moved to the rear 
part, the upper operation pin 2 7c enters the cam groove 
formed on the under surface of the disk tray 13, and 
the chuck cam 27 is moved slightly, being guided by the 
cam groove. As a result, the rack 27a of the chuck cam 
2 7 comes into engagement with the lower gear 2 5c, 
thereby enabling the torque of the loading motor 2 0 to 
be transmitted. On the other hand, when the disk tray 
13 reaches the rear part, the rack of the disk tray 13 
and the driving gear 2 6 are disengaged from each other 
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so that the torque of the loading motor 2 0 cannot be 
transmitted. 

When the torque of the loading motor 2 0 is 
transmitted from the lower gear 25c to the rack 2 7a, 
the chuck cam 27 is moved in the direction away from 
the loading motor 20, against the spring force of the 
helical tension spring 29. By the movement of the 
chuck cam 27, the cam pin 28 of the base holder 14, 
engaged with the cam groove 2 7b, is moved from the 
lower horizontal part of the cam groove 2 7b to the 
upper horizontal part via the inclined part. As a 
result, the base holder 14 is lifted upward via the 
shaft part 14a at the rear part and becomes almost 
horizontal. Figure 11 shows this state. 

When the front part of the base holder 14 is 
lifted, the turntable 47 enters the opening 35 of the 
disk tray 13. Accordingly, the chucking ring 54 
attached to the turntable 47 enters the central hole 
33a of the optical disk 33 and the optical disk 33 is 
placed on the turntable 47. At this time, when the 
optical disk 33 is slightly lifted up by the turntable 
47, the chuck plate 81, held by the chuck holder 80, is 
attracted by the chucking ring magnet 54a. 

As a result, the optical disk 33 is sandwiched by 
the turntable 47 and the chuck plate 81. Thus, the 
optical disk 33 is rotated together with the turntable 
47 at a predetermined rotational speed by the torque of 
the spindle motor 51. 

Simultaneously, or before or after that, the feed 
motor 70 is driven. By the rotation of the feed shaft 
69, consequently, the sliding member 75 of the optical 
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pickup device 48 is moved toward the turntable 47, in 
accordance with the direction of the rotation. By the 
movement of the optical pickup device 48 toward the 
turntable 47, the inclination of the optical disk 33 

5 can be detected. The inclination amount of the optical 
disk 33 can be detected, for example, as follows. 

When the optical pickup device 4 8 moves from the 
outside of the optical disk 3 3 toward the inside in the 
radial direction, a laser beam is emitted from the 

10 objective lens 68a of the optical head 68 toward the 
information recording surface of the optical disk 33. 
The time until the emitted laser beam returns is 
continuously detected. By comparing the detected 
times, the inclination amount of the optical disk 33 

15 can be detected. 

The operation of correcting the inclination amount 
of the optical disk 33, detected as mentioned above, 
will now be described. It is now assumed that the 
pickup chassis 45 is inclined toward the turntable 47 

20 side, as shown in Figure 12, with respect to the 

spindle chassis 44 of the base chassis 36. When the 
inclination of the optical disk 33 is detected in such 
a state, the tilt motor 56 is driven and its torque is 
transmitted from the rotary shaft 56a to the tilt gear 

25 57. By the rotation of the tilt gear 57, the rotary 
force is transmitted from the gear part 58a, engaged 
with the tilt gear 57, to the tilt cam 58. The tilt 
cam 58 is thus rotated in accordance with the rotation 
amount of the tilt motor 56. 

30 The cam piece 73 of the pickup chassis 45 is urged 

against the cam face 58b by the spring force of the 



plate spring 74. As a result, since the cam piece 73 
moves along the cam face 58b, the pickup chassis 45 is 
rotated around the pair of right and left rotary shafts 
63 and its posture is changed in the counterclockwise 
direction, as shown in Figure 12. When the highest 
position of the cam face 58b comes into contact with 
the cam piece 73, the pickup chassis 45 is inclined 
rearward, as shown in Figure 13. 

After the inclination amount of the optical disk 
33 is adjusted by the adjustment of the tilt mechanism, 
the information signal recorded on the information 
recording surface of the optical disk 33 is reproduced 
by the optical pickup device 48. The reproduction of 
the information signal by the optical pickup device 48 
is performed, for example, as follows. A laser beam is 
irradiated from the objective lens 68a of the optical 
head 6 8 on the information recording surface and the 
reflection light of the laser beam is received via the 
objective lens 68a, thereby reproducing the information 
signal recorded on the information recording surface. 

Upon ejecting the disk tray 13, an operation 
opposite to that of loading is performed. For example, 
when the ejection operation is selected by pressing the 
ejection button, the loading motor 20 is rotated in the 
reverse direction. The motor torque is transmitted to 
the rack 2 7a via the driving pulley 21, the rubber belt 
22, the driven pulley 23, and the lower gear 25c of the 
intermediate gear 25. By this operation, the chuck cam 

27 is moved toward the loading motor 2 0 and the cam pin 

28 is pressed down. As a result, the base holder 14 is 
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changed from the horizontal state shown in Figure 11 to 
the forward tilt state shown in Figure 10. 

Accordingly, the base unit 15, supported by the 
base holder 14, is moved downward and the turntable 47, 

5 on which the optical disk 33 is placed, is moved 

downward. The lowering operation of the turntable 47 
causes the chuck plate 81 to come off. Subsequently, 
the chucking ring 54 comes out from the central hole 
33a of the optical disk 33 and the optical disk 33 is 

10 placed in the disk housing part 34 of the disk tray 13. 
When such a state is obtained, the disk tray 13 can 
slide out. 

It is understood that the invention is not limited 
to the foregoing embodiment. Although the case where 

15 the read only optical disk such as a CD, a CD-ROM or 
the like, is used as an information recording medium 
has been described in the embodiment, a recordable 
optical disk or magneto-optic disk to which information 
can be written can be used as the information recording 

20 medium. Further, although the case where the optical 

disk such as CD is used in a bare state, an information 
recording medium housed in a disk cartridge may be also 
used. 

Although the disk tray type disk driving apparatus 
25 for reproducing (reading) the information recorded on 
an optical disk and its head feeding mechanism have 
been described in the embodiment, obviously, the 
invention can be applied to a recording only disk 
driving apparatus only for recording information and 
30 can be also applied to a disk driving apparatus capable 
of recording and reproducing information and its head 
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feeding mechanism. The invention is not limited to the 
foregoing embodiment but can be variously changed 
without departing from the spirit and scope thereof. 
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WE CLAIM: 

1. A disk recording and/or reproducing apparatus 
comprising : 

a spindle chassis for rotationally supporting a 
turntable on which an optical disk, to/from which 
information is recorded and/or reproduced, is placed; 

a pickup chassis, rotationally supported on said 
spindle chassis, for movably supporting an optical 
pickup device for writing and/or reading said 
information to/from said optical disk and being movable 
toward and away from the turntable; and 

a tilt mechanism for adjusting a tilt angle of 
said optical pickup device with respect to said optical 
disk by rotating said pickup chassis with respect to 
the spindle chassis, said tilt mechanism comprising: 
a stepping motor for rotating said pickup 

chassis with respect to said spindle chassis; and 
a control circuit for driving said stepping 

motor to set the tilt angle at a predetermined 

neutral position. 

2. A disk recording and/or reproducing apparatus 
according to claim 1, wherein said control circuit 
drives said stepping motor to obtain a reference 
position by causing a loss of synchronism. 

3. A disk recording and/or reproducing apparatus 
according to claim 2, wherein said control circuit 
drives said stepping motor by outputting a signal 
representing a number of steps corresponding to a tilt 
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angle between the predetermined neutral position and 
the reference position. 

4 . A disk recording and/or reproducing apparatus 
according to claim 1, wherein the predetermined neutral 
position is indicative of a middle position between a 
tilt minimum position and a tilt maximum position. 

5. A disk recording and/or reproducing apparatus 
according to claim 1, wherein the predetermined neutral 
position is indicative of a position at which an 
optical disk having no warp is reproduced most 
preferably . 

6. A disk recording and/or reproducing apparatus 
according to claim 3, wherein said control circuit 
includes a memory for storing the predetermined neutral 
position. 

7. A disk recording and/or reproducing apparatus 
according to claim 2, wherein said stepping motor is 
assembled on said tilt mechanism in such a manner that 
an electrical phase of said stepping motor is 
coincident with a mechanical phase of said tilt 
mechanism. 

8. An apparatus for adjusting the tilt angle of 
an optical pickup device, comprising: 

a first chassis assembly; 

a second chassis assembly rotationally supported 
on said first chassis; 
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a tilt drive mechanism mechanically engaged with 
said second chassis assembly; and 

control circuitry, having no tilt sensor input, 
electrically connected to said tilt drive mechanism, 
said control circuitry outputting a control signal to 
said tilt drive mechanism. 

9. An apparatus for adjusting the tilt angle of an 
optical pickup device according to claim 8, wherein 
said control circuit comprises a memory storage device. 

10. An apparatus for adjusting the tilt angle of 
an optical pickup device according to claim 8, wherein 
said tilt drive mechanism comprises: 

a stepper motor connected to receive the control 
signal output from said control circuitry. 

11. An apparatus for adjusting the tilt angle of 
an optical pickup device according to claim 10, wherein 
said tilt drive mechanism further comprises: 

a cam having a portion mechanically engaged with 
said stepper motor, and a spiral surface mechanically 
engaged with said second chassis assembly. 

12. An apparatus for adjusting the tilt angle of 
an optical pickup device according to claim 11, further 
comprising : 

a protrusion extending from an end of said second 
chassis assembly, and located proximate said spiral 
surface ; and 
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a biasing device having a fixed end and a free 
end, said fixed end being attached to said first 
chassis assembly, and said free end being in contact 
with said protrusion, thereby continuously biasing said 
second chassis assembly onto said spiral surface. 

13. A method of adjusting the tilt angle of an 
optical device tilt mechanism to a predetermined 
neutral position, the method comprising the steps of: 

rotating a drive unit in a first direction until 
the tilt mechanism reaches a predetermined reference 
position; and 

rotating the drive unit in a second direction, 
opposite to the first direction, a predetermined number 
of rotations, thereby positioning the tilt mechanism to 
the predetermined neutral position. 

14. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 13, 
wherein the predetermined reference position coincides 
with a loss of synchronism between an electrically 
induced magnetic field in the drive unit and a 
mechanical magnetic field in the drive unit. 

15. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 13, 
wherein the predetermined neutral position coincides 
with a position halfway between a tilt mechanism 
minimum tilt position and a tilt mechanism maximum tilt 
position. 
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16. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 13, 
further comprising the step of: 

synchronizing an electrically induced magnetic 
field phase of the drive unit and a mechanical magnetic 
field phase of the drive unit, prior to rotating the 
drive unit in the first direction. 

17. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 16, 
wherein said synchronizing step comprises: 

electrically energizing a portion of the drive 
unit; and 

assembling the drive unit to the tilt mechanism 
with the tilt mechanism positioned to the predetermined 
reference position . 

18. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 13, 
further comprising the steps of: 

retrieving the predetermined neutral position from 
a memory device, prior to rotating the drive unit in 
the second direction. 

19. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 18, 
further comprising the step of: 

setting the predetermined neutral position, prior 
to rotating the drive unit in the first direction. 
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20. A method of adjusting the tilt angle of an 
optical device tilt mechanism according to claim 19, 
wherein said setting step comprises the steps of: 

positioning a reference optical disk proximate the 
5 optical device, said reference optical disk having no 
warp ; 

generating a read signal by reading information 
recorded on the reference optical disk; 

setting the predetermined neutral position to 
10 coincide with a predetermined level of the read signal; 
and 

storing the predetermined neutral position in the 
memory device . 
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ABSTRACT OF THE DISCLOSURE 

A disk drive apparatus for recording (writing) 
and/or reproducing (reading) information on an optical 

5 disk by rotating the optical disk, and adjusting the 
tilt angle of an optical pickup device with respect to 
the optical disk. A spindle chassis rotationally 
supports a turntable on which the optical disk is 
placed. A pickup chassis, rotationally supported on 

10 said spindle chassis, movably supports an optical 

pickup device that writes and/or reads the information 
to/from the optical disk and is movable toward and away 
from the turntable. A tilt mechanism adjusts the tilt 
angle of the optical pickup device with respect to the 

15 optical disk by rotating the pickup chassis with 
respect to the spindle chassis. 
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